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IIllrduction

‘1’hc  operation ancl efficiency of optocooplcrs  ckpencl on a
nombcr of clifkrcnt  factors, and the way that these factors arc
clcgraclcd by radiation most bc properly understood in order to
apply thc’sc devices in space syslcms.  IYcviouswork  on optocoa-
pkrs has shown that light cmit(ing diode (1,1 ;I))  dcgradat  ion is
of(cn the clomit~ant factor in their response, and t}lat little
clcgracla(icm occarsontit  lcvclsabovc 100krad(Si)arcrcachc  d,[ 1 ]
1 Iowcvcr,  optoccmplcrs  can bc fabricated in a nambcr ofcliffcrcnt
ways, and the clctails of the manufactarin.g  process can have a
large inflacn~c  on their radiation performance. in par(icolar,
tllc type of 1,lLI) and detector used to fabricate the optocoop]er
has a substantial impact on coupler radiation response.[ 1 -4]
kcccnt work at J 1)1, has shown that some t ypcs of optocouplcrs
arc extrmcly scnsi[ivc  to ionizing radiation, exhibiting sip,nifi-
cant dcp,radation  a[ Icvcls of approximately 10 lcrad(Si).  ‘1’his
paper invcs(igatcs  the nlechanisms for this behavior, as WC]]  as
harclncss  :issurancx mcthock  whi~h arc important for this class
ofclcviccs.

l)cvicx l)cscriplim

optoump]crs  arc made with a variety of very different
l>l]ysical cot~fig(lratiot~s.  lnthccasc ofcicviccs cxaminc dinthis
study twoc{iffcrcnt  c.onflgurations arcusccl.  oneapproachuscs
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a sandwiched constriction method, with the I,llIJ mounted
directly ovcrthc  photoclioclc. “I’l~csccol~d  ap~~roacll ll~otll~tsal~
1,Jil) and phototransistor side by siclc, usinp, an optical coupling
mcdiam to par(ially coap]e light between the I,ltl) and pho-
totransistor. l~igurc] con~parc  sthcsctw  oconstrwctio nmcthods.

“1’hc4N49 is abybrid dcvicc consisting of an amphotcrically
Si doped GaAs 1,1;1),  and a silicon phototransistor which is
clcsignccl tocollccl  light from thctop  surface. IlotllcolllrJollctlts
arc moantccl horizontally, and hcncc there is Iittlc direct coo-
pling of light fron~th  cl, III)toth  cphotottansistor. A silicone
compoond  is used to incrcasc  the optical coopling cfficicncy,
guiding  some of the light 10 the lop sarfacc of t}lc transistor
bccausc  oftotal  intcrnalr cflcction,  “I’hcsilicotlc colllp[)~ltldis
simply a “blob” p]accd over the two clic, with no explicit control
over thickness or uniformity. ‘1’bus, the couplinp,  cfllcicncy
dcpcncls on a natnbcr of physical factors as WC]  I as on the
optoclcc(ronic  propcrlics of the scmicondactor  dcviccs.  I’his
will likely cause moth larger variations in the radiation response
ofthcseclcviccs,  andn~akc  sitfarnlo rccliffica lttocstinla(cthc
effects of statistical variations ill component properties on the
radiation rcsponsc.  Asonc  wolildcxl~cct  froll~tllis collsltllctiot~
mc[hocl, the initial C’1’1{ values of dcviccs variccl widely. A
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l;igore2.  Sprcacli nC’IRfor  aSinglcl,otof4N49
(h)  1 atcral  C’oal,liaf  Stlaclarc  (4N49) Optcrcouplcrs  ( Not lrracliatccl).

l:i.qurc 1. l’hysical Arrangcnlcn  to f’I’woConlnlon histogram ofthc spread in C’1’1{ of 145 JAN-’I’X-4N49  dcviccs
‘1’ypcs  of Optocouplcrs. is shownin  I~iq,arc2. Note that ll~at~y oftl~cdcviccs  l~ad C1’I{s
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‘1’llc work dcscribcd  in tllispapcrtvas carried oat by the .lcl l’mpalsioa

llctirt llclllitlitllllillv alLlcof2.  ‘I’tle C’I’I<of  aslllalltcst sample

Iahoralory,  (’aliforaia  Inslitalc of ’1 ’cchao]ogy,  andcrcontract with k asccl for radiation testing varied from 202 to 347°/0. ‘1’hc
Ntltiol~[tl Act[>tl:\~ltics zit~cl Snzicc A(ltl]il]istratiot~  Coclc  Q. Wmkfaadcdh~ lllil}illl[]l]l  rcqtlirct]lcllt  is2000/0,  al]donc t]llitwas\vit}lil~  1°/Oof
tlJc NASAhlicr(~clcctro]]  ic; Sp:iccl{a(liatiol]  l[ffccls  l'r;gratl~  (MSl{liI'),  - failing this ~CC]UiI’CIllCllt



A clcvicc with low initial 0’1{ was opcncxt after it was
irractiatcd  10 100 kracl(Si)  10 ctctcrmiac whctbcr any physical
fcalLlrcs cot]tril>t]tc(i lotl]clowcrCrI’l{.  lixatlliilitlg, tllisdcvicc
with ;i m icl oscopc SI1OWCC1  that there were scwxal  large bubt-Ilcs
in the silicoac  coaplins  compoLInct  (a babble has a Iowcr
rcfractivcindcx  amlwillptevcat light from clltcritlp,tllcrcgiotl
l>lockcci  l>ytl~c l~lll>l~lc). “I’bclargcst bubblcwas  ncarthcdircct
li~,ht path from the 1 Iii), and would clearly alter tbc amount of
light c.oaplcd to tbc phototransistor. ‘Ibis  shows that the
physical characteristics oftbc  assembly can bc impot[aat in
dckmiaiag  lhc coupling, efficiency, ancl strongly suggests that
uait-to-uail  variations itl performance will bc much larger for
these types of optocouplcts  thaa for coavcatioaal  clcctroaic
dcviccs where electrical propcr[ics  arc gcacrally unaffected by
assembly details.

‘1 ‘hc scconcl lypc of optocouplcr,  6N 140, is fabricated with
the sandwich construciioa  shows in I;igurc la. ‘1’bisapproacb
not oalyprovidcs  improved coupliogcfficiency,  bat also rcduccs
uait to ut~it variations in C’I’K.  ‘1’bc 6N14(I uscs a I)arliagtoa
circuit coap]cd  to a photodiodc with a separate bias coaacction
fortl]c I>llotodiodc.  'l'Ilis il~crcascs (:'l`l{ cot]~l>arccl  totl~csii]p,lc
phototransistor oftl)c  6N140.

1 ixpcrimcnlal Approach

Radiation tests were done with the 1,Iil)  grouadcd, and the
collector of the detector at 30V (4N49)  or 15V (6N 140). A
cobalt-60 SOUICC  was used for irradiation at dose rate of 50
rad(Si)/s.  la adciitiotl to pcrfoming  a variety of standard
optocouplcr tcsls to clctcrminc how various compotlcnts  in tbcsc
optocoup]crs  degrade, physical assemblies WCIC setup usiag
citbcr at) cxtcmal 1 .111)  to cxcilc tbc phototransistor from outsic]c
tllc test coupler; or an cxtcmal photodetector to mcasutc light
cmitlcd ftom the 1,Iil) member of the test coupler. “1’hcsc
mcasarcmcats  were only possible with the 4N49 dcviccs  which
uscs lateral couplil~g. ‘1’hc  silicone coupliag compouacl was
rcmovcc! from some of tbc optocouplcrs in order to clim inatc the
coupling ]t]cclium. “1’bc  effect oftbc  coupling compound could
thca bc dctcmincd  by compariag mcasurcmcats  of the two
p,roups  of dcviccs.
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1 ip,urc 3. [:omparisioa  of (:’1’1<  1 )cp,radat ion

‘Ilc  paramctct  that was most affcctcd  by radiation was
currcat traasfcr ratio. ‘1’hc spccificatioa limit of the 4N49 is
200% with a drive carrcat  of 1 tnA. Fip,arc 3 shows the test
results for C-l’I< ofthc two 4N49 manufacturers aloag with the
6N 140, as a fuactioa of total CIOSC  ut~dcr room tcmpcraturc
coalitions. At 100 kracl(Si),  the CI’R of both Optck and
Micropak  dcviccs  had dcc.rcascd  to Icss than 40% oftllc iaitial
value. 1,CSS dcgradatioa occurtcd for the 6N 140. ‘1’his is
cxpcctcd  bccausc of the improved coupling cfficicacy of the
skucturc, aad the usc of a I)arlington-conacctccl  compound
pbotoclioclc.

‘1’cst  results with an cxtcraal 1,1;1 ) were used to compare tbc
C’1’R dcgradatioa of 4N49 dcviccs with ancl without the silicoac
c.oupliag  compound. F’igurc 4 show’s  that t}~c dcgradaiion was
csscatially the same, regardless of whether the coapling com-
pouad was prcscat. ‘1’llis S}IOWS  that the traasmissioo  of tbc
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I’igutc 4. Comparisioa of Iatcmal and IXtcmal 1,1;1)s
for Microl’ak Optocouplcr.

silicone is aot a factor ia dcg,raclation ofthcsc  optocouplms.  ‘1’his
is aot surprising bccausc  of the very short optical pathlcap,th ia
the coupling medium. l~urthcrmorc, dcp,radatioa  with the
external 1,}:1)  was so CIOSC to that of clcg,radation of normal
(Iiddcd) dcviccs with the internal 1,111) that it appears that the
dcp,radatioa  is domiaaleci by the pbotorcsponsc  of the transistor.

Gain of the 4N49 phototransistor was also mcasatcd as a
function of total close. ‘1’raasistor gait], nominally 600, dc-
crcascd by about 1 So/O at 100 kt’ad(Si). 1 Iowcvcr,  the pbotorc-
sponsc  of the transistor ctcpcncls on collection of Iigbt by
diffusioa  in the cxtctldcd area ofthc collector as WC]]  as gain, aacl
dcgtadcs mote scvcrcly. } lcrc, it is worth notirlg that tbc
amphotcrically Si clopccl GaAs 1,1;1) has an emission peak at
lon~,cr wavclcag,ths closer to the Si absorption cdp,c. “1’has, the
light is mote clccply penetrating. “1’hc rcspoasc ofthc dcliddcd
dcviccs  with cxtcmal 1,liI) provides direct cviclcncc that the
rcasoa for clcgradatioa is the overall transistor pbotorcsponsc.
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‘1’hc  oIItput Ofl<l:lk  decreases as kmperatorc  iacrcascs.

“1’his causes substantial decrease ia optocoupler C’1’R at higher
tcllll>ctat[lrcs, \+'l~icl~i sac.ol~ccri~f ottllcCa ssit~iprojcct. Mca-
surcmcats oftcnlpcrature  sensitivity were made cm uairracjiatcd
clc~’iccs:is }}’cllas dcviccstllat  wcrcirradiatcclto  100krad(Si).
Ajthough  C’j’1{ was rcducccl  by radiatioa,  the temperature
sctlsi(ivity of(:rl’l<  rclllaillcd the same.

l(ip,urc 5 compares the lcmpcralurc sensitivity of the thtcc
diffetml  optocouplcrs, Notcthalthc  C’J’R ofthc4N49 from
M icro]’ak  dccrcasccl by more than a factor  of two compared to
clcviccs from optek,  cvco though these were both JAN-’1’X
dcviccs \\itl]l  l]csal]lcc  lcctricals  ~>ccificatiol]s.  ‘1’hisciifl’crcncc

was critically impor[ant  in selecting devices for radiatioa appli-
cations. livca thoLIgh  radiation degradation of optocmplers
from the two vcncjors  was about the same at room tcmpcralurc,
the marked CJiffcrcnce  in temperature scasitivity rcsuhcd  io a
much lmvcr  cjcsign limit for the two manufactutcrs. An cvca
g,rc:ilcr clifi’ercace was observed, as shown in l;ip,ure 5, whca the
Ill'ol~(oco~ll>lcri scol~]parcdwi  tlltl~cot  llcrtwotyl~cs. Notcthat
the C’lX oflhc 111’ (jcviccsactllally  iaceases ovcrpart  of the
tcmpcraturc lanp,c. ‘l’his ciiffcrcacc  caa be attributed to the
different clctcctor structure and possibly also a different 1,1:1)
type.

‘1’hc  output saturation voltage of4N49  showed some dcgt’a-
datioa. Altl]otl~ll  tlIisis  also affcctccl bytl~cvcry  st~~allsal~~plc
siy,c, thcrc is less risk bccausc this paramc.tcris Icssaffcc(ccl  by
parametric variations, and is cxpcctcd  to r’cmaia  low as jollg as
the C’1’R is adcclaatc  10 suppor( the saturation characteristics.
‘I’l~tls, clcsigt~itl:, \vi(lladcqllatc  C’l’l{\vill  itldircctly ct~sllrctl~at
the sat uration voliagc  remains WCI1 behaved. Note, however that
the iaput drive current must be sigl)ificalltly  grcatcrtllatl  the
mil~imum C’ll<rcquircc{ foraspccificd oLItpuI  currcot  in order
tocitivcl llctral~sislori  t]totllcs alLlratiollr cgic)tl. ‘1’hismcamlhat
Ihc Cl’]{ WSCCJ  for design must be well above the minimum C’]]<
af(crirradiatioa,  'l'llcsatllratioll  I~~casLlrcl~~crlts mcrcllladc\vitj~
a drive curren[  of 2 mA aad a forced gaia of one; C’I’R
lllcastlrct~lcl~ tswcrcl~ladc  \vitllatl oplical drivccl]rrct~tofl  mA,

as pc]- the specification. ‘1’bus, the saturation characteristics
assumca pproximatclyaf  actorof  two “cxccss’’C’I’l<t oprovidc
overdrive to the phototramistor  ia satoratioa.

All of the dcviccs  that were tested had ioitial leakage
currcots  that wet-c wclj below the spccificatioa maximum, aad
lcakagccurrcat  increased  only slighlly aflcrirradiatioa.  }Iow-
cvcr, these results  arc not adCqOt3tC to characterize ]Caka.gC
curtcot  performance after irradiation because clcviccs with
initial leaka~,c curtcntst  hat arc higllcr may exhibit very large
iactcascs af[cr  irradiation. ‘Ibis  has bcca observed for some
typcsof discrctc  transistors. “I’hus,  nowors(-casc  valuccaabe
arrivcci at forlllcsc  dcviccs  frol~~tllc liil~itcd clataavaijablc. ltis
rccommcaded that the scrccoing clata JJrovicjcd by the manufac-
turer be cxamiaed to see if any devices in the population have
iaitial valucsabovcl  OnA.  I)cviccs w’ithinilia  ]]cakag, ccurrctlts
in the IO-1OO nA raagc may increase by several orders of
magnitude at 100 krad(Si),  la fact, examination of sc.rccaiag
clataoll tl~c~>rodllctioll lotsllotve.d tl~atabo~lt 10 °/Oofthcdcviccs
had uausually large lcaka~c  curreats. Several were abou{ 10 nA,
and oac device hacl a lcakap,c currcat of28 nA. Although stilj
bcjowthc spcc.ificatioa limit, tbcsc dcviccsmaybc  affected more
stroagly by radiation than the devices ia the radiation test
sample with low iaitial vajucs  of leakage current. ‘1’hc  larg,c
statistical raagc of jcakagc curlcat  ia the producticm  jot suggests
that radiation-iaduced chaap,es in leakage current may also be
an ialportaat  factor for these optocouplers.  Additional tests will
be done for the fiaai paper to examine jcaka.gc currcat it} more
dc(ail.

Summary

‘1’hcrcsults  inthispapcr  shows that radiation dcgtadation
of optocooplers  is affcctcd  by many factors, includias  details of
thcmcchanicalas scmbly. ‘I’hcsc  archybrid  dcviccs,aadthenct
response dcpcads on the interplay of maay different variables,
lcadiag to Iargcr  variations in electrical parameters tbarl is
normally cncrruatcrcd  with simpler structures. Mcchaaical
asscmblyc lctaijsa realsoimportaat. ‘I’hcre  arcclcar  aclvaatag,es
to the sandwich structure bccausc it provicics more cfficicnt
coupliag than the Ialcral structures, and may provide better
uniformity.

Mcasl[rcll~cllts  ofclclidclcd cicviccs wit}latlcx{crt~al  l,IIIJ
showed that dcgradatim  was domiaatcd by the decrease in
tral~sis[or  }?l~ot{)rcs}>o]~  sc. Althou# lradiatio  nclcgraclatio llisllot
direct ly affected by t cmpcrai  arc, the slrong decrease ia [’1’1< at
clcvatcd  tcmpcraturc must bc accouatcd for when cvaluatiag
these dcviccs  for space applications. l,arge diffcrcnccs ia
temperature scasitivity were observed for different maaufactur-
crs. Al]otl~cr ii~lportallt F~ctorlllaI  l~~L1st  bccotlsiclcrcd for C’1’1<
degradation isagiag.  I,l:l)ar]d  I>}~oto  rcs}~ol~sc ofoI~tocoLlplcrs
would degrade as a function OflilllC. ‘1’hc ap,iap,  analysis will be
studied forthc  tiaai pai>cr.
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OptocouplcIs  arc  vet-y sensitive to ioniz.iag  radiation, aad
careful  thmghl  is reqaircd  in order  10 deve lop  appropr ia te
hardness assurance mcdmds  for thcm. };xamiaias  clcclrical
par:imctcrs  of a Iargc lot showed that C:’l’l{  aad leakage carrcat
varied wickly,  and that typical data from a small sample would
ovcrcstimatc  the cffcctivc  radiation hardt]ess  of these cicviccs

bccamc  of the impmlancc  of vatiaticms  ia factors that affect
dcvicc  opma(icm.  AM~ough sample tcs[iag, is still useful, the
rcsalls of this study  suggest that it will also be ncccssary  10
mmitor  ckctrical  propctlics  of t h e  pmlaclim  101  ia order  to

adquately  bound  the radiatiot)  rcspcmsc.
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